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Hyperspectral Infrared data provide a unique
insight into the inner workings of the Earth
Climate System

What have we learned from the first five years of
AIRS data?

Did we find what we expected?
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- Challenge
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S on NASA’s EOS Aqua Spacecraft

AIRS Characteristics
 Launched: May 4, 2002
* Orbit: 705 km, 1:30pm, Sun Synch

« I[FOV: 1.1°x0.6°
(13.5 km x 7.4 km)

 Scan Range: $49.5°
* Full Aperture OBC Blackbody, €¢>0.998

* Full Aperture Space View

« Solid State Grating Spectrometer N
- IR SpeCtraI Range: SPECTRAL SOURCE
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Jet Propulsion Laboratory

Cavadons. Catoma, o hyperspectral infrared sounders
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e et Accuracy and Stability validated on orbit

AIRS L1B Hyperspectral ] ]
Climate Data Record (CDR) AIRS L1B Radiometric Performance: Stable

to <8mK/Year — H. Aumann et al. 2006

200209-200408 night clear tropical ocean

over 5 Billion Spectra

typical ARS Spectm 0

) r\ o . . —  linear |
) .\‘. 2378 independent gl e sh " & g,
| J\ channels Reference: JGR,
iy \ VOL. 111, April 2006 §
‘I\W B
k M(,,'\ A0y 230005 -0.57

days from 20020100 daily median

SHIS Validates Radiometric Accuracy to 0.2K AIRS L1B Frequencies
— H. Revercomb et al. 2006 Knowledge to < 1 PPM - L. Strow et al. 2006

Final “Comparison 2” (21 November 2002)
gExcluding channels strongly affected by atmosphere above ER2
5o Nighttime Frequency Calibration

T " = e e i Caibas
Ty o
M‘UL IR VRN - ! A_M) i “W“A“M i V'"l‘\“w\“\ yabld )
Wl rir A f i S 1 [
] 2\ 3
» Y
| | | | i i i i T % 2 1
700 800 900 1000 100 1400 1500 1600 LN
5 b
R R
X
X 8
U

(AIRSobs-AIRScalc)
(SHISobs;SHIScalc)
T

wavenumber

comsiozs || osakone || owkonz

<1 ppmflyeaé;

inLevel 1B ¢

M-07
002008
UMY A D 4
E 3 3 B
) g 2
1559 N Q. I
4 N Iy
) \ =
. LU
-1 0 [ 0 1 gl
M-04b M-0sa 7 % el 4
o 24"
0255019 o iors X
: 6
Jan03 Jan04 Jan0s Jan06 Jan07
- 3 [ 3 1

L1B Scene Independent

M-11 M-09
041015 onas 0t

- o [ o [ o 1
M-04d M-0dc M-03
s s0a7 051017 nzios

r o [ o [ o 1



National Aeronautics and

Space Administration

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

AIRS/AMSU data are widely distributed

B
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 Improved weather predictions is the primary
objective of hyperspectral infrared sounders.

global medium range predictions
regional medium range predictions

long range predictions = climate
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AIRS data have improved the
operational weather forecasts

NCEP Operational Global Forecast Improvement
‘ N. Hemisphere 500 mb AC Z

20N -80N Waves 1-20
1Jan-27 Jan '04

|—— Ops

} —— Ops+AIRS |

0

2 2 A =

6 hrs for 6 day forecast

J. LeMarshall, JCSDA
BAMS (2006)

o -

Pressure

e A
B
0

L :

|

1 25-

1 ‘ T\qw
CR T o Gl

AIRS - NOAIRS

L\. L

1\

c‘

%1-./

-4 -3 -2 -l 1 2
[ ]

B. Zavodsky, NASA SPoRT

NASA Regional Forecast Improvement

Rainfall

By ¢ B B W4 5 5 3

-]
z

5 Pé?l? 7

EbebEE b B!

b3




National Aeronautics and
Space Administration

@ AIRS data are not fully utilized

California Institute of Technology
Pasadena, California

The strength of hyper-spectral infrared observations is their
sensitivity to water vapor AND clouds,

But

the cloudy data from AIRS have this-far been avoided
in the assimilation.

difficulties have emerged with water vapor assimilation
using 4DVar

10



Soae mraton AIRS provides a wide range of products

B o, useful for weather and climate studies
| [..] under development
Atmospheric Temperature Atmospheric Water Vapor Cloud Properties

CH4, ppbv

1687. 1723. 1760. 1797. 1833.
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Atmospheric Water Vapor

Divacarla et a. 2006
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Cavadons. Catoma, o Stratospheric Tropospheric Exchange

Total Column Ozone (DU)

« Ozone R I

— AIRS/AMSU data map the global - -‘\ .\4!:‘17\
distribution of O3 for all seasons
of the year.

— AIRS average total column O3
matches to within 5% of that
observed by Total Ozone
Mapping Spectrometer (TOMS)

(Irion et al. 2006)

— AIRS observes Stratospheric AIRS Ozone Profile
Tropospheric Exchange (Pan et
al. 2006)

b
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Carbon Monoxide (DU)
- CO e
— AIRS/AMSU data have provided the detailed,
daily global observation of transport of mid-
tropospheric CO from biomass burning
emissions (McMillan et al. 2005, McMillan
2006).

— AIRS CO retrievals have been found to
validate the plume rise mechanism in
simulations of the transport of CO in the mid-
troposphere (Freitas et al. 2006). 905 06 11

- CH4

— AIRS/AMSU have started to create monthly
mean CH4 maps to study the seasonal

variation. (Yu et al. 2005 and Gribanov et al.
2007).
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S AIRS Sensitivity and Stability

AIRS Mid-Tropospheric CO2. July 2003, V5 Day 16 x 31

Chahine et al. (2008) in preparation

200 x 200 km
spatial mean

red contours

are the 500 hPa
pressure altitude
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Five years of AIRS data identify discrepancies in climate models

1. Discrepancies in large regional comparisons of AIRS retrieved
water vapor to model water vapor

2. Discrepancies in zonal studies comparing AIRS radiances to
radiances calculated from climate models

3. Discrepancies in zonal studies comparing the phase of
products from AIRS/AMSU/CERES with climate models.

17
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Method 1: Amplitudes

L3 Comparison

The models are drier than AIRS
observations by 10%-25% in the
tropics below 800 hPa.

The models are more moist by
25%-100% between 300 and 600

hPa, especially in the extra-tropics.

* David W. Pierce et al. 2006

Radiances (L1b) Comparison

AIRS OLR Agrees with Models
but there are compensating Errors

Models wet in the upper

troposphere ((flux too low)

?Iompensated by too much surface
ux

* Huang et al. 2007.

Mean Model - AIRS

CCSM - obs, percent

Climate Models are too wet in the
middle and upper troposphere

Tb[K]

1000t
Latitude
) OLR Window band
Unit: W m-?
Total sky Clear sky Total sky Clear sky
CERES 241.73 275.87 66.94 83.28
AM2 240.63 263.43 73.99 87.56
AM2-CERES -1.10 -12.44 7.05 4.28
10 T T

| ... Overestmation =

(frmmrtoge
- W

1
<00

1
1100

1
1000

i i
1200 1300
wavenumber [ cm-1]

|
1400

1
1500




California Institute of Technology
Pasadena, California

@ wrminosey — Difficulties with scale are emerging

Clouds and water vapor are highly non-linear and are
difficult to deal with on the 100 km scale in medium
range forecasting or the 10 km scale in the regional

forecast.

These difficulties are much more obvious when dealing
with climate models on a global scale.

19
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AIRS 200209-200708 0-30S ocean

0.16 T T T T T 301
Method 2: Phase Analysis
-EO.14 -1300
s <
compare monthly mean zonal oz 2005
variability from climate 2 =
models with AIRS g
observations S o.00
Aumann et a. 2007 GRL
0.06 . 296
2 3 4 ‘.M”‘S'"mﬂ 6 7 8
x 10° CM2 Ocean Atmosphere Coupled Model
2.2 - . ' 1301.5

Significant differences in phase
and amplitude between
GFDL/CM2, NASA/GISS and
NRL/CCMD climate models and
observations form AIRS, AMSU
and CERES.
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The observational scale for water vapor in the boundary layer
and clouds at all altitudes is of the order of 1 km

Clouds and water vapor averages on a the 10 km scale are
difficult to interpret

Land the emissivity scale is 1 km (based on ASTR and MODIS
<< 1 km data)

The AIRS 12 km spatial resolution is a limiting factor

21
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A hyperspectral sounder with AIRS-like NeDT
and 1 km spatial resolution is feasible
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Hyperspectral Infrared data provide a unique
insight into the inner workings of the Earth
Climate System

The first five years of AIRS data have
met all expectations

provide the unique opportunity to
discover the unexpected

23
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Photo 3 April 2004 8pm, AIRS 4 April 2004 1:30 AM
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AIRS is achieving what was expected

« Global hyperspectral infrared with high accuracy and stability
 Forecast improvement are achieved by cloud-free radiance assimilation

 AIRS tracegases monthly maps are starting to support global transport studies
in the mid troposphere (AGU San Francisco Dec 2007 Session)

« Applications to climate models is starting
(AGU San Francisco Dec 2007 Session)

Discovery of the unexpected is the challenge

26
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 Major forecast impact from hyperspectral sounders requires
dealing with clouds at the 12 km level and less.

 The spatial scale of water vapor and clouds are limiting
observational factors in process studies at the 1 km level

A hyperspectral sounder with AIRS-like NeDT
and 1 km spatial resolution is feasible

27
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For more information on AIRS see
— http://airs.jpl.nasa.gov
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